5. YflMAMUlU U5fl^A 



K. l/U 



SHUSAKU YAMAMOTO 




Appln. 2000-599901 

Your Ref.t 13525PCTJP/4402 



(Translation) 



Japanese Lald«-Open Publication Numbers 3-164200 
Laid-open Publication Datet July 16, 1991 
Application Numberj 1-303166 
Filing Date: November 24, 1989 
Inventors I M« Fujlta at al. 
Applicant? Hitachi, Ltd. 



1. Title of the invention 

GEN£ ANALYSIS METHOD BY SOLUTION HYBRIDIZATION 

2* Clalnfi 

1. A gene analysis method by solution hybridization. In 
which four types of nucleoside triphosphate, DNA fragments 
of specific sequences and DNA polymerase are added to a DNA 
sample Including a nucleic acid of organisms or viruses to 
cause hybridization, complementary stxrand DNA9 are 
synthesized, the obtained synthesized DNA Is subjected to 
gel electrophoresis to analyze a gene based on base length 
patterns, wherein the hybridization is performed by using a 
labeled oligonucleotide primer with an unlabeled 
oligonucleotide terminator, and synthesizing a DNA sequence 
between the oligonucleotide primer and the oligonucleotide 
terminator. 

2* A gene analysis method by solution hybridization, 
the method in which four types of nucleoside triphosphate, 
DNA fragments of specific seguenoes and DNA polymerase are 
added to a DNA sample including a nucleic sold of organisms 
or viruses to cause hybridization, complementary strand DNAs 
are synthesized, the complementary strand DNAs are amplified 
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by repeating polymerization In which the oomplementary DMA 
la denatur-ed and rehybrldlzed for a plurality of tlmea, the 
obtained amplified DNA Is subjected to gel electrophoresis 
to analyze a gene baaed on base length patterns, wherein the 
hybridization is performed by using a labeled 
oligonucleotide primer with an unlabeled oligonucleotide 
terminator, and amplifying a DNA aequence between the 
oligonucleotide primer and the oligonucleotide terminator. 

3. Gene analytical reagents for solution hybridization. 
Including four types of nucleoside triphosphate, DNA 
pQl3^erase, labeled oligonucleotide primer, and an unlabeled 
oligonucleotide terminator. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a method for 
analyzing genes by detecting the presence/absence of a 
apeclflc nucleic acid sequence in a sample containing a 
nucleic add from one or a plurality of organleme or viruses, 
and deletion, . insertion, or mutation of a base pair in the 
nucleic acid sequence, and an analytical reagent therefor. 

[Prior Art] 

As a conventional gene analysis method, RFLP 
(restriction -fragment length polymorphism), which is 
described in Scientific American, vol. 18, No. 4 (1988), la 
known. 

In thi.a method, chromosomal DNA or the like to be 
analyzed is cut by a restriction enzyme, and then subjected 
to electrophoreaia. If a deletion, insertion, or mutation 
of a base pair is present at a reeognltlon site of the 
restriction enzyme, the lengths of the resultant restriction 
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fragments vaxry, and restriction fragment length polinnt^orphlsm 
occurs. This is detected by performing Southern blotting 
using a labeled probe after electrophoresis. 

Another known method Is a PGR (Polj^erase Chain 
Reaction) method described In Japanese Laid-open Publication 
No, 62-217161. In this method, two types of primers which 
are complementary to respective single strands of a double 
stranded DNA are used to atopUfy a specific site of a 
nucleic acid sequence for detecting viruses or the like. 

Specifically, first, a double stranded DNA In a 
sample Is heated and denatured to be separated Into single 
stranded DNAs. Then, two types of primers are prepared and 
hybridized to the respective single stranded DNAs. DNA 
polymerase Is allowed to act on the single stranded DNAs and 
extended strands are generated from the respective primers. 

By further repeating the above -de scribed operations 
for a plurality of times on the resultant double strand 
extended product, a DNA fragment, which is sandwiched 
between the primers In the double stranded DNA and which has 
a region to be detected, can be obtained In an amplified 
state. 

Then, the presence/absence of the DNA fragment Is 
detected using a labeled probe or restriction ens^yme to 
confirm presence/absence of virus or the like. 

[Problems to be solved by the Invention] 
Regarding the conventional techniques described 
above, RFLP method is advantageous because, since a 
restriction enzyme recognition sites are widely distributed 
throughout chromosomal DNA , analysis can be performed with 
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respect to the entire chromosome and thus it Is possible to 
obtain a wide range of genetic Information. This Is 
effective in a personal Identification for a criminal 
Investigation or the llke^ or In a diagnosis of a genetic 
disease or viral disease. However^ since the types of the 
restriction enzymes are limited, base sequences in a sample 
DNA which can be recognized by a restrlctloxi ensyme are also 
limited. Therefore, even though there is a base sequence 
which is effective as a marker for the personal 
identification or the diagnosis of a genetic disease or 
viral disease^ the method cannot be applied unless there is 
a restriction enzyme which can identify this. Thus^ the 
application of this method has been limited* 

Further, in the PCR method, since a specific nucleic 
acid sequence to be detected can be amplified by about 10^ 
.times in one amplification reaction. This results in an 
advantage that the detection is easy. However, since two 
types of primers which are complementary to the respective 
single strands of the nucleic acid sequence are used, and 
further a probe or a restriction enzyme Is used for 
detection, a considerable part of the nucleic acid sequence 
should be known. Thus, the types of genes which can be 
analyzed are limited and only a narrow range of genetic 
information can be obtained. 

Further,, both the RFLP method and the PCR methods 
require preparation and use of a labeled probe for detection. 
Also, the analysis operation is far from simple. 

The objective of the present invention is to solve 
such problems In the conventional techniques and to provide 
a gene analysis method which can cover a wide range of 
genetic information and which can be widely applied to a 
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personal Idetitlflcation or a diagnosis of a genetic disease 
or viral disease, allowing a simple operation. 

[Means for Solving the Problems] 

As a result of a diligent study for solving the 
abovo'-desorlbcd problems, the present Inventors found a 
method of using a pre-labaled oligonucleotide primer and an 
unlabeled oligonucleotide terminator for stopping the 
extension reaction and using a genetic DNA which la a 
subject of analysis as a template to synthesize the DNA 
group which are eSKtendlng from the primer to reach the 
terminator complementary to the DNA, and subjecting the 
synthesized DMA group to electrophoresis to observe the 
pattern thereof • Thus, the present Invention is completed. 

Specifically, the present invention relates tos 

1^ A gene analysis method by solution hybridization. In 
which four types of nucleoside triphosphate, DNA fragments 
of speolflc sequences and DNA polymerase are added to a DNA 
sample including a nucleic acid of organisms or viruses to 
cause hybridization, complementary strand DNAs are 
syntheslised, the obtained synthesized DNA is subjected to 
gel electrophoresis to analyze a gene based on base length 
patterns, wherein the hybridization Is performed by using a 
labeled oligonucleotide primer with an unlabeled 
oligonucleotide terminator, and synthesizing a DNA sequence 
between the oligonucleotide primer and the oligonucleotide 
terminator; 

2. A gene analysis method by solution hybridization r 
the method in which four types of nucleoside triphosphate, 
DNA fragments of specif lo sequences and DNA polymerase are 
added to a DNA sample including a nucleic acid of organisms 
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or vlruae9 to causQ hybridization « complementary strand DNAs 
are synthesized, the complementary strand DNAs are amplified 
by repeatlnsr polymerization In which the complementary DMA 
la denatured and rehybridlzed for a plurality o£ times, the 
obtained amplified DNA la aubjeoted to gel electrophoresis 
to analyze a gene based on base length patterns, wherein the 
hybridization Is performed by using a labeled 
oligonucleotide primer with an unlabeled oligonucleotide 
terminator, and amplifying a DNA sequence between the 
oligonucleotide primer and the oligonucleotide texmlnatori 
and 

3> Gene analytical reagents for solution hybridization, 
including four types of nucleoside triphosphate, DNA 
polymeraide, labeled oligonucleotide primer, and an unlabeled 
oligonucleotide terminator.. 

Hereinafter, the present invention will be further 
described in detail* 

The first method according to the present Invention 
is described with reference to Figure 2. 

First, sample DNA is heated and denatured to produce 
a single stranded DNA 6. Then, pre-labeled oligonucleotide 
primer 4 which la complementary to a base sequence 3'- 
terminal to a region to be detected in the DNA 6, and an 
unlabeled oligonucleotide terminator 5 which is 
complementary to a base sequence 5* -terminal to the same 
region are prepared. These are hybridized with the single 
stranded DNA 6. 

If four types of DNA components consisting of dATP, 
dCTP, dGTp, dTTF and a DNA pol3fmerase are present at this 
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time, DMA synthesis is otaarted from the 3»-termlnufi of the 
labeled oligonucleotide primer 4 using DNA 6 as a template 
and extended to Immediately before the oligonucleotide 
terminator 5. A poartlon shown by a dashed line In the 
figure Is the synthesized portion, 

Next^ a pattern of DNA fragment including a region 
to be detected can be observed by electrophoresle. 

In this case, the labeled oligonucleotide prlmex can 
also serve ao a probe. If a DNA fragment cannot be detected 
In the electrophoresis. It Indicates that there Is no 
specific ba$ie sequence or a mutation of a base sequence at 
an attachment site of the primer 4. Furthermore, If the 
lengths of DNA fragments are observed differently, it 
Indicates insertion^ deletion, mutation of a base sequence 
corresponding to a region between the primer 4 and the 
terminator 5 in the DNA 6, or mutation of a base sequence at 
an attachment site to the terminator 

Next, the second method according to the present 
Invention is described with reference to Figure 4, 

In the second method, a DNA fragment having a 
specific base sequence to be detected is amplified and 
detected when the amount of the sample DNA Is small. First, 
a labeled oligonucleotide primer 4, an unlabeled 
oligonucleotide texminator 5^ four types of four commonly 
used nucleosides and DNA polymerase are used to perform a 
DNA synthesis using DNA 6 and one DNA 6' which forme a 
complementary strand with DNA 6 as templates. 
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In this case, the terminator 5 hybridizes with the 
DUk 6', and uses the DNA 6* as a template to prepare a base 
sequence auoh that It oan funotlon as a primer. 

With such an operation, an eaet ended strand Is 
synthesized from the 3 < -terminus of the labeled primer 4 
using the DNA 6 as a template and extended to the sequenoa 
In the DNA 6 complementary to the terminator (5) (strand 
(a)). On the other hand, the terminator 5 also functions as 
a labeled primer, and an extended strand Is synthesized from 
the 3 '-terminus of the terminator 5 using the DNA 6' as a 
template (strand (b)) (Figure 4(1)). 

Next, In the presence of the labeled primer, the 
terminator, the four types of nucleosides, and DNA 
polymerase, as described above, and the. complementary strand 
generated by the above operation is heated and denatured to 
be separated into single strands. The single strands are 
used as templates to synthesize a DNA. 

The strand (a) to be detected by the operation can 
also be synthesized and amplified from the DNA 6 and the 
strand (b) (Figure 4(2)). 

By further repeating the above-described operations 
for several tlraes, a DNA fragment to be labeled and detected 
can be obtained In an aniplifled state. 

Then, It Is possible to perform an analysis by 
electrophoresis, slmlluly as in the above example, even 
though the amount of the sample DNA is small. 

The oligonucleotide primer and oligonucleotide 
terminator used in the present invention Is arbitrarily 
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prepared In usa In accordance with a genetlo DNA to be 
analyzed. As long as they can function as a primer and a 
terminator/ they are not limited. The preparation thereof 
may be performed using a normally uoed DNA synthesizer or 
the like* 

The number of bases for. the ollgonuoleotlde primer 
Is preferably 10-15 bp. For the ollgonudleotdLde terminator, 
4-8 bp is preferable. However, these are not limiting as 
well* 

As a marker for labeling the ollgonuoleotlde primer, 
markers used in the analysis of routine methcds, for example, 
fluorescent dyes, radioactive substances, enzymes or the 
like may be used. 

The DNA polymerase used in the present invention may 
be, for example, Taq polymerase (derived from Thermus 
aquatlcus), Klenow fragment (derived from E. ooli), 
sequenase (derived from T7 phage) or the like. 

Next, a suitable oonditlon for heating and 
denaturing a double stranded DNA in the present invention to 
obtain single stranded DNAs is at 94^C for 3 minutes. 

Hybridization of the sample DNA with the 
oligonucleotide primer and the oligonucleotide terminator in 
the present invention is specific compared to the 
conventional methods particularly on the point that the 
solution hybridization is performed. 

Although the case where the subject to be analyzed 
is DNA has been described above, the method of the pzresent 
invention is also applicable to the case where the subject 
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Is RNA such as retroviruses or the like by synthesizing a 
DNA using this as a template. 

The £our types of nucleotide phosphate^ the DN^k 
polymerase, the labeled ollgonuoleotlde primer, and the 
unlabeled ollgonualeotlde terminator used in the above- 
desorlbed method of the present Invention can be used as an 
analytical reagent inolusive thereof. By bringing in 
contact with the sample DNA which is a subject of an 
analysis and applying conditions of denaturing and 
conditions of hybridization^ the analytical reagent can 
synthesize DNA groups to be detected. Thus, it can be 
conveniently used in a personal identification, or a 
diagnosis of a genetic disease or viral disease. 

[Function] 

In the first method according to the present 
invention, a pre-labeled oligonucleotide primer and an 
unlabeled oligonucleotide terminator are hybridized. Then, 
a complementary synthesis fragment is generated using the 
primer as an origin to extend to immediately before the 
terminator. The fragment is observed in gel electrophoresis. 
In the second method, a region between the primers is 
amplified and only an extended product from the labeled 
primer is observed by the gel electrophoresis. 

In either method described above, base sequence 
length distribution pattern is largely different, depending 
on individuals, or organisms or viruses which cause an 
infectious disease. Thus, a personal Identification, or a 
diagnosis of a genetic disease or viral disease are 
facilitated.. Further, In the second method, even though an 
amount of the DNA sample is small, detection is possible. 
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[Effects of the Invention] 

The most charaoterlstla feature of the method 
aooordlng to the present Invention is use of the pre-labeled 
oXlgonuoleotlde primer and the unlabeled oligonucleotide 
terminator. Thus, the entire chromosomal DNA can he the 
subject of the analysis, and in the case where there is a 
base sequence effective as a marker which has a linkage with 
a disease gene, it is possible to use the base sequence as a 
marker if the sequences of the oligonucleotide primer and 
the terminator are arbitrarily adjusted. Regarding this 
point, the method of the present invention la advantageous 
compared to the conventional RFLP method which is not 
applicable in the case where there is a base sequence which 
is effective as a marker but no restriction enzyme 
identifying as such. Thus, the method of the present 
invention has a significant effect in diagnosis of a genetic 
disease or viral disease* Using the labeled primer which 
also serve as probes and the terminator which have fewer 
base pairs provides a benefit that the method of the present 
invention can be applied to the detection of genes of which 
the base sequences have not been clarified that much, 
compared to the conventional PCR method which Is performed 
by using, in addition to the two types of primers, a further 
probe or restriction enzyme. 

Further, since the oligonucleotide primer of the 
present invention is previously labeled and may also serve 
as a probe, it is not necessary to prepeure a new probe as in 
the conventional method; and it is possible to see a pattern 
of the DNA fragment group to be observed by only 
electrophoresis. It is extremely convenient on such points. 

The present invention having the above- described 
effects is a breakthrough gene analysis method, and 
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conticibutes across the entire teohnlcsal field Involving 
genetic engineering, not only to a personal Identification 
In a orlminal Investigation, a diagnosis of a genetic 
disease or a viral disease or the like. 

[Examples] 

Hereinafter, the exainpled of the present Invention 
will be descrlhed With reference to two examples of personal 
identification . 

Example 1 

The analyzed human DNAs were extracted from blood of 
two Individuals by following a method of Manlatls (Molecular 
Cloning 280-281 (1982)). IQO \ig of the above-mentioned 
genomic DNA (nucleic DNA copy number is on the order of 10^) 
was diluted In an initial volume of 100 (il of an aqueous 
solution containing 10 mM Tris-HCl (pH 7.5), 50 mM KCl, 2.5 
mM MgCla/ 100 ^g/ml gelatin, 0.1 yiM oligonucleotide primer 
and oligonucleotiae terminator (this is called as suoh since 
it is used as the unlabeled oligonucleotide and terminator 
m the present invention), 0.5 mM dATP, 0.5 mM dCTP, 0.5 mH 
dOVP, and 0.5 nM dTTP. 40 ^1 of mineral oil was layered 
thereon* The solution was heated at 98*C for 10 minutes to 
denature the genomic DNAs. Then, the resultant solution was 
cooled to 50*C. 2 |il of polymerase from Thermus aquatlcus 
was added thereto. The following temperature changes were 
applied to the DNA sample t 

(1) Heating at 94^C for three minutes; 

(2) Cooling to SO'C and maintaining at SO'^C for three 
minutes for hybridising the oligonucleotide primer and the 
oligonucleotide terminator; and 

(3) Heating to 70^C and maintaining at 70*C for ten minutes 
for producing a primer extension product. 
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For the oligonucleotide primer used In a synthesis 
reaction, the primers labeled with fluorescent dyes FITC 
(fluorescein Isothlocyanete) were used. The oligonucleotide 
terminators were unlabeled and the sequence thereof Is as 
follows * 



p[te 



The DNA fragment obtained as the result of the above 
reaction was separated by electrophoresis using 2« 
polyaorylamlde gel. The fluorescent dyes FITC were excited 
using an Ar laser to detect florescence emitted from the DNA 
fragment group In real time. The DNA fragment spectrum 
shown m Figure 1 was obtained. The vertical axis indicates 
fluorescence Intensity and the horizontal axis indicates a 
time period for the DNA fragment group to pass an Ar laser 
illumination area. 

Since thez-e are a plurality of portions that 
hybridized with the fluorescence labeled primer in the 
genomic DNA, a plurality of DNA fragment groups were 
observed. As shown in Figure 1, differences in the lengths 
of DNA fragments 1 and 3, and deletion o£ DNA fragment 2 in 
Individual B were observed. The differences in lengths 
between the DNA fragments are derived from insertion oc 
deletion or mutation between the primer 4 and the terminator 
5 as shown In Figure 2, or are. derived from mutation of the 
base sequence at the attachment site to the terminator 5. 
The presenca/absenoe of the DNA fragment is derived from 
mutation of the base sequence at the attachment site to the 
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labeled primer 4. As deacsrlbed above. In the present 
example, polymorphism of DNA derived from a point mutation 
and mutation In Insertion or deletion across the entire 
genomic DHA oan be detected. 

The feature of the present example Is that It Is 
effective In the case where a sufficient, amount of the 
sample DNA Is supplied, and can analyze many sites of the 
genomic DNA. 

Example 2 

Human DNA was extracted from hair of two Individuals 
following the method of Klguchl, et al. (Nature vol* 332 
No* 7 (1988)). 0.1 \icf of the above-mentioned genomic DNA 
(nucleic DNA copy number is on the order of 10^) was diluted 
in en initial volume of 100 [l1 of an aqueous solution 
containing 10 raM Trie-HCl (pH 7.5), 50 raM KCl, 2.5 mM MgClz, 
100 |ig/ml gelatin, 0.5 yM oligonucleotide primer and 
oligonucleotide terminator, 1,5 mM dATP, 1.5 mM dCTP, 1.5 mM 
dGTP, and 1.5 mM dTTP. 40 ^l of mineral oil was layered 
thereon. The solution was heated at 98*'C for 10 minutes to 
denature the genomic DNAs. Then, the resultant solution was 
cooled to 50°C. 2 111 of polymerase from Thermus aguatieus 
was added thereto. The following heat cycles were repeated 
for 25 times s 

(1) Heating at 94°c for three minutes; 

(2) Cooling to 50'*C and maintaining at SO^C for three 
minutes for hybridizing the primer and the terminator; and 

(3) Heating to 70®C and maintaining at 70*C for two minutes 
for producing a primer extension product . 

After the last ^cle, the sample was incubated at 
72*C for a further ten minutes to complete the last 
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extension reaction. For the oligonucleotide pxlmer used In 
en ampllfloatlon reaction^ the primers labeled with 
fluorescent dyes FITC (fluorescein isothlocyanate) were used, 
7he oligonucleotide terminators were unlabeled and the 
sequence thereof is as follows » 

I 

MIC 
5'-CTtCAT-*3' 

The DNA fragment obtained as the result of the above 
reaction was separated by electrophoresis using 3% 
polyacrylamide gel. By using an Ar laser, the florescence 
emitted from the DNA fragment group was detected in real 
time. The DNA fragment spectrum shown in Figure 3 was 
obtained. As shown in Figure 3, presence/absence of the DMA 
fragment 7 and a difference in the lengths of DNA fragment 8 
were observed. The presence/absence of the DNA fragment is 
derived from mutation of the base sequence at base sequence 
at the attachment site to the labeled primer 9, and the 
difference in the lengths of the DNA fragment is derived 
from Insertion or deletion mutation between the primer 9 and 
the primer 10, . or derived from mutation of the base 
sequence at the attachment site to the primer 10. As 
described above, with respect to a small amount of the 
genome DNA, polymorphism of DNA derived from a point 
mutationi and insertion or deletion mutation across the 
entire genomic DNA can be detected. 

4. Brief Description of the Drawings 

Pig. 1 is a diagram showing the analysis result 
according to Example 1 of the present invention; 
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Fig. 2 Is a diagram showing the principle of the DMA 
&ynthQ9l9 and termination method of Example 1; 

Fig. 3 Is a diagram showing the analysis result 
according to Example 2 of the present Invention; and 

Fig, 4 Is a diagram showing the principle of DNA 
amplification according to Example 2. 

4 , 9 • . . labeled oligonucleotide primer \ 5 j 1 0 • • . unlabeled 
ollgonuleotlde terminator; and 6, 11... genomic template DNA. 
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Amended Claims filed on November 20, 1996 

1. A gene analysis method, comprising the steps oft 

(1) obtaining complementeury strand DNAs by 
performing a complementary 9trand extension synthesis 
reaction using single stranded sample DNA as a template and 
a fluorescence^ labeled oligonucleotide primer; and 

(2) separating the complementary strand DNAs by 
electrophoresis ; 

wherein a gene is analyzed based on a pattern 
Indicated by base length of the separated aompleitientary 
strand DNAs. 

2. A gene analysis method, comprising the steps o£i 

(1) obtaining complementary strand DNAs by 
performing a complementary strand extension synthesis 
reaction using single stranded sample DNA as a template and 
a fluorescence -labeled oligonucleotide primer,; 

(3} amplifying the complementary DNAs by repeatedly 
performing a complementary strand extension synthesis 
reaction using the fluoreecenee-labeled oligonucleotide 
primer a plurality of times, using the sample DNA as a 
template; and 

(3) separating the amplified complementary strands 
by electrophoresis, 

Wherein a gene Is analyzed based on a pattern 
Indicated by base length of the amplified complementary DNAs 
which are separated. 

3. A gene analysis method, comprising the steps of: 

(1) hybridizing an oligonucleotide primer and an 
oligonucleotide to a single stranded sanqple DNA; 

(2) performing a convlementary extension synthesis 
reaction fx<3m the oligonucleotide primer and repeatedly 
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synthosizlng a oomplementary strand which starts at the 
oligonucleotide primer which is hybridized to the sample ONA 
and ends at the oligonucleotide; and 

(3) analyzing a product of the complementary strand 
esctenslon synthesis reaction^ 

wherein a gene Is analyzed* 

4« A gene analysis method comprising the steps of: 

(1) performing a complementary strand extension 
synthesis reaction using a labeled oligonucleotide primer 
which is complementary to a base sequence 3 '-terminal to a 
region to be detected of a single stranded sample DNA, and 
an unlabeled oligonucleotide which is oomplementary to a 
base sequence 5* -terminal to the region, and using the DNA 
sample as a template, to obtain complementary strand DNAs 
which start at the oligonucleotide primer and end at the 
oligonucleotide ; and 

(2) separating the oomplementary strand DNAs by 
electrophoresis , 

wherein a gene is analysed based on a pattern 
indicated by base lengths of the separated complementary 
strand DNAs . 

5» A gene analysis method according to claim 4, wherein 
the number of bases of the oligonucleotide primer is within 
the range from 10 bases to 15 bases* 

6. A gene analysis method according to claim 4, wherein 
the number of bases of the oligonucleotide is within the 
range from 4 bases to 8 bases. 

7. A gene analysis method comprising the steps oft 

(1) performing a complementary strand extension 
synthesis reaction using a labeled oligonucleotide primer 
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whloh Is oonplemantary to a baae seqtuence 3 '-terminal to a 
region to be detected of a single etranded DNA sample, and 
an unlabeled oligonucleotide which Is complementary to a 
base sequence 5 '-terminal to the region, and by using tha 
DNA sample as a template, to obtain complementary DNAs which 
start at the oligonucleotide primer and end at the 
oligonucleotide ; 

(2) separating the complementary strand DNAs Into 
single strands, and then amplifying the complementary DNAs 
by repeatedly performing the complementary esetenelon 
synthesis reaction for a plurality of times » and 

(3) separating the amplified complementary etrande 
by electrophoresis, 

wherein a gene is analysed based on a pattern 
indicated by base length of the separated complementary 
strand DNAe^ 

8. A gene analysis method according to claim 1, wherein 
the number of bases of the oligonucleotide primer is within 
the range from 10 bases to 15 ba^es, 

9. A gene analysis method according to claim 7, wherein 
the number of bases of the oligonucleotide is within the 
range from 4 bases to 8 bases. 

10 « Gene analytical reagent for solution hybridization. 

Including fotur types of nucleoside phosphate, DNA pol3^erase, 

a labeled oligonucleotide primer, and an unlabeled 
oligonucleotide terminator. 
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□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHtBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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